Abstract Sustainability indicators are well recognized for their potential to assess and monitor sustainable development of agricultural systems. A large number of indicators are proposed in various sustainability assessment frameworks, which raises concerns regarding the validity of approaches, usefulness and trust in such frameworks. Selecting indicators requires transparent and well-defined procedures to ensure the relevance and validity of sustainability assessments. The objective of this study, therefore, was to determine whether experts agree on which criteria are most important in the selection of indicators and indicator sets for robust sustainability assessments. Two groups of experts (Temperate Agriculture Research Network and New Zealand Sustainability Dashboard) were asked to rank the relative importance of eleven criteria for selecting individual indicators and of nine criteria for balancing a collective set of indicators. Both ranking surveys reveal a startling lack of consensus amongst experts about how best to measure agricultural sustainability and call for a radical rethink about how complementary approaches to sustainability assessments are used alongside each other to ensure a plurality of views and maximum collaboration and trust amongst stakeholders. To improve the transparency, relevance and robustness of sustainable assessments, the context of the sustainability assessment, including prioritizations of selection criteria for indicator selection, must be accounted for. A collaborative design process will enhance the acceptance of diverse values and prioritizations embedded in sustainability assessments. The process by which indicators and sustainability frameworks are established may be a much more important determinant of their success than the final shape of the assessment tools. Such an emphasis on process would make assessments more transparent, transformative and enduring.
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Introduction
Current concerns regarding global food security, climate change, animal welfare, biodiversity and availability of natural resources emphasize the need for sustainable development of agriculture (OECD 2001; Steinfeld et al. 2006; IAASTD 2009; Pretty et al. 2010) . Although interpretation of the concept of sustainable development (i.e. further referred to as sustainability) varies widely, a consensus exists on the need to use relevant sustainability indicators to assess change (Hansen 1996; Bell and Morse 2008; Bockstaller et al. 2015) . Sustainability indicators measure the current status of a system to identify trends, forewarning the breach of critical thresholds and monitoring the success of interventions to build sustainability.
A wide range of indicator-based tools for sustainability assessment have been developed to assess the sustainability performance of agricultural systems (FAO 2013; Keulen et al. 2005; de Olde et al. 2016; Marchand et al. 2014 ). These tools vary in their assessment objective, spatial and temporal scope and level of stakeholder involvement (Binder et al. 2010; Schader et al. 2014) . Consensus on which sustainability indicators to include is lacking and contributes to a wide diversity of approaches Bell and Morse 2008; Parris and Kates 2003) . This multiplicity can add cost, impair the ability to focus on the most salient sustainability indicators and raise concerns regarding the validity of approaches, usefulness and trust in the concept of sustainability (Hansen 1996; Bockstaller et al. 2009; Schader et al. 2014) . As a solution, several have raised the importance of transparent and well-defined procedures and criteria for selecting individual indicators and balancing indicator sets to develop relevant, trusted, comprehensible and meaningful sustainability assessments (Dale and Beyeler 2001; Bockstaller et al. 2009; Niemeijer and de Groot 2008; Lebacq et al. 2013 ). This paper, therefore, focuses on the general criteria for indicator selection as an overarching issue in the design of sustainability assessments and as a key step before defining individual indicators and assessment methods (Reed et al. 2006; Dale and Beyeler 2001) .
The selection of sustainability indicators is made using a list of criteria (Dale and Beyeler 2001) . Criteria for the selection of individual sustainability indicators discussed in the scientific literature commonly cover relevance, validity, measurability, sensitivity and comprehensibility by stakeholders and decision-makers (Dale and Beyeler 2001; Lebacq et al. 2013) . Together, the collective set of indicators should comprehensively represent the agricultural system (Niemeijer and de Groot 2008; Binder et al. 2010; Marchand et al. 2014) . The definition, selection and prioritization of selection criteria used to select indicators vary widely between sustainability assessment tools (Niemeijer and de Groot 2008; Bell and Morse 2008; Reed et al. 2006) . Describing criteria used for selecting indicators is, therefore, important for the transparency and reliability of sustainability assessments (Dale and Beyeler 2001; Niemeijer and de Groot 2008) . This paper discusses the results of a ranking survey amongst experts on sustainability assessment of agricultural systems, regarding the relative importance of criteria to select individual indicators and balance a collective set of indicators. The objective was to determine whether these experts agree on which criteria are most important, and if not, discuss the implications for building reliable sustainability assessments in the future.
Methods
To get insight into criteria, principles and processes to build a reliable sustainability assessment, we started with an overview of eleven criteria for individual indicator selection (Table 1) and nine criteria for balancing the collective set of indicators (Table 2) to assess the sustainability performance of agricultural systems. These criteria were judged to be the most important (based on their emphasis in the sustainability monitoring literature) by Moller and MacLeod (2013) from their review of international and New Zealand sustainability assessment initiatives in agriculture and ecology (Lee et al. 2005; OECD 2001; Sommerville et al. 2011; Herzog et al. 2012; Jones et al. 2012) . To make the ranking process tractable, we selected and summarized the broad spectrum of criteria used to define indicators. Many criteria are listed in the sustainability literature, and elements of those we chose are grouped and framed in different ways (Moller and MacLeod 2013) . Accordingly, our survey should not be perceived as a definitive list of all the potential criteria to be considered. Tables 1 and 2 team. This team, a coalition of researchers and consultants, was asked to complete the same ranking surveys while focusing on the specific needs of the NZSD. The dashboard is a package of tools that deploys an industry-led approach to measuring and reporting sustainability at the farm level in New Zealand. It uses a participatory approach in which the involvement of stakeholders is contractual. It allows farmers to log self-assessed sustainability measures into an online database (Merfield et al. 2015) . The NZSD panel, therefore, assessed the criteria in terms of a narrower defined context than that of the newly formed and as yet not fully defined TempAg agenda and team. The panel included agronomists, farm advisors, ecologists, rural sociologists and economists. Half of the NZSD team are researchers based in universities, and half are professional agricultural consultants.
In view of the broad diversity of TempAg and NZSD participants, we anticipated our results to be broadly applicable across agricultural sustainability concerns. In total, 38 participants each spent approximately 25 min to complete the two surveys. The ranking survey was carried out in April and May 2015, using an online decision-making software package (1000Minds). Agreement in ranking of participants was tested using the nonparametric Kendall's W (coefficient of concordance) in which 1 indicates perfect agreement between participants, and 0 indicates a complete lack of agreement (Siegel 1956; Kendall and Smith 1939; Gibbons and Chakraborti 2011) . To test differences in the rank scores between researchers and consultants of the NZSD team, an unpaired, two-sample Wilcoxon test was run in R. It is better to measure actual performance and outcomes rather than just practices that are expected to promote sustainability and resilience Sensitivity Indicators should be sensitive (change immediately and a lot if agricultural systems status changes). This helps detect trends or breaches of thresholds within the time frames and on the scales that are relevant to the management decisions, and before it is too late to correct any problems Quantification Indicators should be fully quantified whenever practicable. Counts and continuous variables (interval and ratio scales) are more favoured than ranks (ordinal scales) or 'yes/no' scores (binary); any form of quantification is preferable to a fully qualitative assessment
Specificity for interpretability
Indicators should be affected only by a few key drivers (risks, opportunities, causes) of sustainability rather than being affected by many things (local context, multiple stressors, etc.) in order for any change in the indicator to be interpretable for sustainability
High precision and statistical power
Indicators must have sufficient precision and accuracy and sufficiently low natural variance for monitoring to detect trends and probability that some limit or threshold has been breached Capacity to upscale Indicators should be designed and measured in a way that allows their aggregation at multiple spatial and temporal scales for different purposes Table 2 Possible criteria for balancing the collective set of indicators for agricultural sustainability assessment, after Moller and MacLeod (2013) Criterion Description
Participatory codevelopment
Indicator sets and frameworks that are co-designed by key stakeholders are more likely to be relevant, trusted, practical, heeded and used for learning
Wide scope and integration
The framework and indicator sets must cover and cross-link multiple dimensions of sustainability and values encompassing environment, economics, social and governance dimensions
Linked to targets/ thresholds Indicators should be linked to realizable, action-oriented, measurable and timedelimited targets or critical thresholds of risk, performance or best professional practice
Transparency and accessibility
Datasets that are accessible to all stakeholders (including the public) and explain assumptions, uncertainty and sources are more likely to be trusted and used When experts disagree: the need to rethink indicator… 1331
Results
Ranges in scores demonstrated a wide variation in perceived importance of selection criteria (Fig. 1) . 'Sustainability relevance', the ability to measure environmental, economic, social and governance performance, was perceived, on average, the most important selection criterion for sustainability indicators. Criteria related to the 'acceptance', 'standardization' and 'communication' of the indicator were also ranked highly. Kendall's W was 0.31 for this ranking survey, a reflection of the weak consensus amongst the experts about how to best select individual indicators. A higher level of agreement was observed amongst NZSD participants (W = 0.52) than TempAg participants (W = 0.23). Whereas the criteria 'specificity for interpretability' and 'sensitivity' received a substantially higher median rank by TempAg participants, the criteria 'affordable measurement' and 'easily communicated' were considered more important by NZSD (Fig. 1) .
In the second ranking survey, on balancing a collective set of indicators, 'participatory co-development' achieving a 'wide scope and integration' and establishing 'links to targets and critical thresholds' were considered as the three most important criteria (Fig. 2) .
Similar to the first survey, the results demonstrated a wide variation in the perceived importance of selection criteria for indicator sets. Each criterion received the full range of possible ranks (1-9) across the participants, indicating a lack of agreement amongst participants (Kendall's W = 0.09, with W-values for TempAg and NZSD of 0.10, and 0.15, respectively). As a result, median ranks of criteria remain between rank 3 and 6. This relatively flat trajectory of the median ranks illustrates the absence of consensus on priorities in balancing indicator sets (Fig. 2) . Fig. 1 Criteria for choosing agricultural sustainability indicators. The highest importance is indicated by rank 1 and the lowest by rank 11. Criteria are ranked in increasing order of importance measured by medians based on both surveys. Boxes contain the 25th and 75th percentiles, and the line within the box is the median. Whiskers extend to the most extreme data point (which is no more than 1.5 times the interquartile range from the box), and outlier points show the minimum and maximum values TempAg and NZSD participants ranked criteria for balancing indicators sets quite differently (Fig. 2) . NZSD participants tended to prioritize participatory co-development and keeping the number of indicators to a minimum, whereas TempAg participants emphasized the need for a wide scope and integration of indicator sets to cover multiple dimensions of sustainability.
Within the NZSD team, median rank scores for 'sensitivity' and, to a lesser extent, 'sustainability relevance' were higher for the researchers than for the consultants (Wilcoxon rank test; sensitivity: W = 66, P = 0.002; relevance: W = 69.5, P = 0.046). No other differences emerged between researchers and consultants in individual indicator selection criteria, nor in any of the criteria for balancing indicator sets. Fig. 2 Criteria for balancing indicator sets for agricultural sustainability assessment. Criteria are ranked in increasing order of importance measured by medians based on both surveys. Boxes contain the 25th and 75th percentiles, and the line within the box is the median. Whiskers extend to the most extreme data point (which is no more than 1.5 times the interquartile range from the box), and outlier points show the minimum and maximum values 4 Discussion
Lack of consensus, even amongst experts
The most remarkable feature of both ranking surveys is the lack of consensus amongst participants about what matters most in indicator selection criteria. This is shown by the low values of Kendall's W, the wide range of scores and the relatively flat trajectory of the median ranks, especially for the survey on indicator sets. A possible explanation could be that experts were targeting different types of indicators for different social and economic contexts, farming systems (e.g. confined vs. pasture-based livestock systems) and user groups (e.g. farmers or policy-makers). The first survey focusing on individual indicator selection had a greater level of agreement (based on the Kendall's W value) amongst NZSD participants compared to TempAg participants. Within the TempAg participants, researchers represented a wider variety of disciplines, from more diverse contexts. Findings for the NZSD participants, however, show that even in a team with a shared goal, the rankings vary strongly.
Differences in TempAg and NZSD prioritizations could be explained by their distinctive agendas. The high dependence of NZSD on farmers and industrial partners along with their commercial focus and participatory approach could explain their higher ranking of 'affordability' and 'easily communicated' criteria. By contrast, TempAg's goal to provide highly robust and technically derived indicators for comparison of agricultural performance between temperate countries in the OECD could explain their higher ranking of 'specificity' and 'sensitivity'.
Other factors that could have contributed to the apparent lack of consensus include the limitation of the ranking process to allow equal importance of criteria. Many of the participants may have judged some criteria to be about equally important, and the resulting ranking therefore forced artificial and inconsistent ordering of priorities. Other potential reasons for the lack of consensus include use of relatively broad descriptions for selection criteria and the diversity of nationalities and disciplinary backgrounds of the participants involved. The latter may have influenced the interpretation and understanding of the criteria (Lupia 2013) .
As experts operating with different training and access to different knowledge sources, participants in the survey would be likely to weigh the importance of criteria differently (Dovers 2005) . As a narrow focus may allow for greater vision in some areas, it may preclude us from fully seeing the importance of other indicator criteria. From this perspective, the divergence in the evaluation could be seen as an asset, as a range of expertise can generate a more rigorous exploration of indicators and sounder assessment development as multiple types of expertise are brought together. These differences in knowledge systems preface the call for interdisciplinarity and transdisciplinarity in sustainability research (Kates et al. 2001; Komiyama and Takeuchi 2006; Ostrom 2009; Popa et al. 2015) . Not only can integration of diverse knowledge domains improve our understanding of sustainability issues, but it also can aid governance of those issues and the enhancement of democratic processes (Bäckstrand 2004) . The persistent variation in prioritization of criteria used to define indicators can attest to the maintenance of specialized knowledge, even in interdisciplinary environments, and yet it presents challenges for implementing actionable sustainability programs.
Divergent views may reflect differences in world views, for example reductionist versus more holistic or system-oriented approaches to understanding a complex social-ecological activity like agriculture. A lack of consensus is perhaps expected when asking experts what is more important to monitor within a complex and interconnected set of processes. Therefore, we emphasize the need to include a plurality of world views in a flexible framework for the selection of indicators. Participatory approaches which incorporate diverse views in the form of broad patterns, co-development of scenarios and use of adaptive planning approaches are all useful tools to build flexibility and inclusivity (Seimon et al. 2009 (Seimon et al. , 2012 Yager et al. 2009 ).
Selecting indicators: the importance of context, plurality and flexibility
In our study, we have defined criteria for the selection of individual indicators and indicator sets based on a review of criteria used in agriculture and ecology (Moller and MacLeod 2013) . The selection criteria are, however, generic and could be applied in other disciplines. We expect, however, that any complex adaptive system that demands management of human society, ecology and biology, will be confronted with similar findings and trade-offs as we highlighted for agriculture.
In each context, a person's frame of reference, consisting of assumptions, values, norms, knowledge and interests, will be balanced differently, resulting in different prioritizations and selections of indicators and indicator sets (Te Velde et al. 2002) . To build reliable sustainability assessments in the future, we have to recognize that definitions of sustainability, as well as the selection of indicators, vary with individual differences in context and perceptions (Bell and Morse 2008; Gasparatos 2010) . Although each criterion could be considered valuable in its own sense, personal context may lead individuals to prioritize criteria differently. For example, one might value quantification but be willing to compromise that value for affordability purposes. This is not because affordability is considered more valuable than quantification, but results from a given context. The current ranking exercise deliberately asked respondents to order the criteria according to 'importance' for the sustainability assessments, knowing that 'importance' inevitably conflates practical constraints, systems understanding (i.e. what is most likely to affect sustainability outcomes) and, most of all, values of the assessors or subjects. This very conglomeration of multiple criteria is embedded in sustainability assessments and presents a challenge for achieving consensus, trust and collective action to transform agricultural systems to more sustainable practice.
Indicator selection is, however, not the only consideration in the design of sustainability assessment tools. Decisions on the purpose, assessment process (i.e. who measures and how), reporting and evaluation also influence the sustainability assessment (Binder et al. 2010) . We urge sustainability researchers to more explicitly acknowledge that priorities and values play an important role in science, especially in sustainability assessments (Alrøe and Kristensen 2002; Alrøe et al. 2016 ). Describing and reflecting on the context of sustainability assessments, including prioritization of selection criteria, selection of indicators, methods and reference values, is crucial to improve the transparency and relevance of sustainable assessment tools.
Collaborative processes and participation as an answer to context specificity, plurality and flexibility
Dialogue is an important tool to improve transparency of prioritization and selection procedures to develop sustainability assessment tools. Stakeholder collaboration can support the development and dissemination of more robust conceptions of sustainability (De Mey et al. 2011; Bell and Morse 2008) . Furthermore, selecting indicators can be seen as a process of joint learning and knowledge development to help those involved to make decisions that enhance sustainable development of agriculture (Pretty 2008) . The selection process stimulates stakeholders to recognize and accept their role and responsibility for achieving a more sustainable practice . Including all stakeholders may lead to wide-ranging goals, a broader focus and even inconclusiveness, which some professionals may find unsettling. It will also take much longer to establish monitoring and research because co-design and relationship building must occur first (Moller et al. 2009 ). Participatory co-development should, however, be seen as a crucial process for the interpretation and operationalization of sustainability (Owens 2003) . Agrawal (2005) showed how involvement in monitoring itself has crucial roles in triggering individual transformation of the values and actions of environmental citizens. Mindful facilitation of such processes is considered necessary to create commitment, shared understanding and trust and to acknowledge and manage power asymmetries (Ansell and Gash 2008; Moller et al. 2009; Barnaud and Van Paassen 2013) . In summary, selection of indicators should be a process in which the stakeholders affected are involved, not just for the sake of participation (Bell and Morse 2008) , but also to create relevant and context-specific assessments to improve sustainability performance (Binder et al. 2010; Gasso et al. 2015 ). Co-design and self-monitoring of indicators does much more than securing agreement and cooperation or reducing cost-it also requires a trigger for changing the orientations and actions of the participants, in this case mainly farmers, towards more environmentally caring outcomes. However, adoption of additional sustainability criteria from new participatory processes may be more difficult where market accreditation initiatives have already codified what must be included, especially by stipulating standards that must be met for gaining market access.
Future approaches and research for selecting sustainability indicators
As suggested by Bell and Morse (2008) : 'Rapid and participatory tools for developing our thinking and modelling concerning measures of sustainability are of value to a wide range of stakeholders within development policy'. The ranking surveys provided such a tool and provoked discussions regarding the selection criteria for indicator selection within a broad group of sustainability experts. The results can be used to discuss ways to develop consensus with time through evolving views and concepts. The higher consensus score found in the NZSD ranking of selection criteria of individual indicators could be seen as an example of improved consensus resulting from close collaboration over years.
We hypothesized that experts with experience in researching agricultural sustainability and measuring the pressures, states and responses of agricultural systems would be more likely to find consensus on criteria for indicator selection than a group of more diverse stakeholders like growers, industry representatives, regulators and land use policy analysts, marketers and consumers. Our results need to be tested further to reveal if the apparent dilemma uncovered in our preliminary surveys can be generalized to other sustainability assessment frameworks. It would be particularly useful to deploy qualitative research methods to discover why experts prefer different types of indicators and indicator sets. Moreover, case studies of research and stakeholder collaborations within a defined context (e.g. region, assessment goal, end-users and priorities) could provide insight into how consensus develops.
To incorporate context specificity and flexibility, selection criteria as well as indicators and their reference values can be made context-specific. Furthermore, different sets of weights can be used to aggregate indicators in sustainability assessment tools. The same indicators can then be measured by all decision-makers and subsequently (post hoc) aggregated and filtered to match different contexts and applications, i.e. each indicator is multiplied by a 'weight' ascribed by a given context or stakeholder (Cloquell-Ballester et al. 2006; Sadok et al. 2009; Elsaesser et al. 2015) . There is a need to develop, test and cross-calibrate methods to measure weights ascribed by different participants to different indicators and sustainability dimensions.
Interactions between agricultural systems and their environment require thinking through different factors such as spatial and temporal scales, institutional behaviours, and knowledge types (Belt and Blake 2015) . This requires the development of techniques for combining very different types of indicators (Alrøe et al. 2016) . Different indicator types also relate to different functions of the sustainability assessment tools . A possible solution to address context-specific needs is the development of modular tools through which end-users can select subsets of indicators within the sustainability assessment depending on the goal of the project and local conditions related, for example related to data availability . Clearly, metrological research (the science of measurement) on what gets included and left out of multi-criteria sustainability assessments is an urgent priority. In this process, we can learn from other fields. For example, large-scale multi-criteria evaluation is used in biodiversity conservation to develop transparent traceability indicators (Ferraro and Pattanayak 2006) .
Answers to several more overarching research questions could improve collaboration, trust and usability of future sustainability assessments and identify important features of the way they are designed and promulgated to accommodate widely different contexts, goals and values of the stakeholders. We here present useful research questions on the main themes of this paper:
Defining the sustainability construct:
• How important is it to define sustainability itself?
• Does a single definition lock in or exclude some participants, or does it provide clarity and unity of action?
Metrics of assessments:
• Do sound indicators recorded by farmers actually deliver the better farming outcomes they promise? • How is a practice-based indicator system coherent with traditional farm management tools employed at the farm and is it possible to link these two 'entities' in an efficient way? • What are robust scaling methods to reliably combine divergent indicators and measurement types at domain, outcome, objective and indicators levels?
Link between sustainability constructs and the metrics:
• Do we need to reach consensus on the importance of criteria for indicator selection?
• How much does our apparent divergence in what is important to measure in sustainability assessment reflect differences in values or in practical constraints? • Might stakeholders find much stronger consensus and comparability around the higherorder goals, outcomes and objectives in the sustainability framework even if they differ sharply on how to measure performance at the base indicator levels? • What would success look like (i.e. what difference does any sustainability assessment actually make to land, society, economy and governance and how would this be measured)?
Organizing the process in function of legitimacy, integrity, trust and outcomes:
• Does participation in designing the sustainability assessment tool, selecting indicators and design of their measures lead to substantive benefits for learning and transformation of values of farmers, or does it precipitate threats to the completeness, integrity and trust of the assessment by others? • Does the very act of codifying sustainable practice and measuring it lead to participants focussing on the assessment itself rather than the ultimate goal of seeking more sustainable farming solutions? • Do sustainability standards and market accreditation schemes provide adequate scope and rigour for whole systems assessment, or is there a need for complementary and supplementary assessments by independent civil agencies? • Must such processes always be initiated from within a community of practice and, if so, should the sustainability assessment only aim for legitimacy within that same community? • How can farmers' local knowledge be given legitimacy and voice alongside less situated knowledge of the type favoured by external experts and process professionals like policy makers, regulators and scientists? • What are the most effective cross-scale bridging institutions and processes for linking distant stakeholders in food systems when opinions differ on the best way to measure it?
The TempAg research network seeks to compare sustainability performance of diverse OECD countries and agricultural sectors throughout temperate regions. The NZSD tools are largely designed to meet market verification needs, but also to become learning tools for farmers. Our initial survey warns that achieving consensus around sustainability assessment tools requires methods to account for participant variation. A single, universal sustainability assessment tool cannot be applied as a universal gold standard across communities and contexts. Harmonization of the overarching sustainability assessment framework, as done recently by FAO's SAFA programme (FAO 2013) , is a huge step forward to drive consensus around criteria and procedures for sustainability assessments. However, what is left out of a sustainability assessment may be just as crucial as what is included or how it is measured. Our study suggests that considerable flexibility is needed in prioritizing indicators, that the stakeholders need to run their own process of selection and design of the indicators, and that this process be well documented so that robust analysis and comparisons can be made.
Finally, we wish to emphasize that although sustainability indicators are relevant to monitor sustainability performance, indicators reduce the complexity of a system into simplified measures. In-depth understanding of the sustainability of a system should therefore embrace a systems approach by addressing the context and interactions of systems (Schiere et al. 1999) .
Conclusion
In this study, we found a lack of consensus amongst experts about what constitutes reliable knowledge and useable datasets for assessing sustainability. Although divergence of opinion in design criteria has been widely discussed, this first quantification of the degree of difference in opinion is startling and calls for a radical rethink about how complementary approaches to sustainability assessments are used alongside each other to ensure a plurality of views and maximum collaboration and trust amongst stakeholders. We have to accept that people have different ways of assessing what is reliable knowledge and do so in a collaborative learning process. A useful start to a collaborative learning process is to recognize how sustainability is operationalized through scales and in different contexts. The process by which indicators and sustainability assessment tools are established may be a much more important determinant of their success than the final shape of the assessment tools. Such an emphasis on process would make assessments more transparent, transformative and enduring.
